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AMENDMENTS TO THE CLAIMS: 

The following Listing of Claims replaces all prior Listings and versions of claims 
In the above-identified application. 

U sting, of CMnis 

1-39. (Canceled). 

40. (Currently Amended) A method to produce glucosamine by fermentation, 
comprising: 

a) culturing in a fermentation medium comprising assimilable sources 
of carbon, nitrogen and phosphate, a ba cterium or yeast fFHGfoofgamsm which 
comprises at least one genetic modification that increases the activity of 
glucosamine-8-phosphate synthase compa red to the unmodified glucosamine-^- 
phosphat e synthase , wherein said genetic modification Is selected from the 
group consisting of: 

i) transformation of said microorganism with a recombinant 
nucleic acid molecule encoding a bacterial or yeas t glucosamine-^- 
phosphate synthase, wherein said synthase has glucosamine^- 
phosphate synthase activity; and 

II) genetic modification of the coding region of a gene encoding 
a bacter ial or yeast glucosamine-6-phosphate synthase, wherein said 
genetic modification results in at least one nucleic acid modification 
selected from the group consisting of deletion, insertion, and substitution 
of at least one nucleotide of said coding region of said gene, wherein said 
at least one nucleotide modification results In increased glucosamine^- 
phosphate synthase activity c ompared to the un modified qlucosamine-6- 
&bJ3Si5hate.synthase; 
wherein said step of culturlng produces and accumulates a product selected from 
the group consisting of giucosamine-8-phosphate and glucosamine from said bacterium 
or yeast mteroorganfsm; and 
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b) recovering and purifying said product. 

41 . (Currently Amended) The method of Claim 40, wherein said glucosamlne- 
8-phosphate is intracellular and said glucosamine is extracellular, wherein said step of 
recovering comprises a recovering step selected from the group consisting of 
recovering said giucosamine-6-phosphate from said bacterium or yea st mic^eoffamsm, 
recovering said glucosamine from said fermentation medium, and a combination 
thereof. 

42. (Currently Amended) The method of Claim 40, wherein said product Is 
intracellular giucosamine-6-phosphate and said step of recovering comprises isolating 
said glucosamlne-8-phosphate from said b acterium or yeast ffnersefgai^sm. 

43. (Previously Presented) The method of Claim 40, wherein said product is 
intracellular giuoosamine-6-phosphate and said step of recovering further comprises 
dephosphorylating said giucosarnine-S-phosphate to produce glucosamine. 

44. (Previously Presented) The method of Claim 40, wherein said step of 
culturing comprises maintaining said source of carbon at a concentration of from about 
0.5% to about 5% In said fermentation medium. 

45. (Previously Presented) The method of Claim 40, wherein said step of 
culturing is performed at a temperature from about SOX to about 40°C. 

48. (Previously Presented) The method of Claim 40, wherein said step of 
culturing is performed at about SOX. 

47. (Previously Presented) The method of Claim 40, wherein said step of 
culturing is performed In a fermentor. 

48, (Previously Presented) The method of Claim 47, wherein said step of 
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culturing Is performed under conditions wherein glucose is added to said fermentation 

medium at a rate in which glucose accumulation in said fermentation medium is 

undetectable. 

49. (Previously Presented) The method of Claim 47, wherein said step of 
culturing Is performed so that an excess of glucose is maintained. 

50. (Previously Presented) The method of Claim 40, wherein said step of 
culturing produces and accumulates at least about 21 mg/L of said product. 

51 . (Previously Presented) The method of Claim 40, wherein said step of 
culturing produces and accumulates at least about 1 g/L of said product. 

52. (Previously Presented) The method of Claim 40, wherein said step of 
culturing produces and accumulates at least about 5 g/L of said product. 

53. (Currently Amended) The method of Claim 40, wherein said genetic 
modification comprises transformation of said bacte.nujr^.yeast faiepeoFgaFMsm with a 
recombinant nucleic acid molecule encoding a bacterial or yeast giucosamine-S- 
phosphate synthase that vMm has glucosamlne-8-phosphate synthase enzymatic 
activity, wherein said recombinant nucleic acid molecule is operafiveiy linked to a 
transcription control sequence. 

54. (Currently Amended) The method of Claim 53, wherein said recombinant 
nucleic acid molecule is integrated into the genome of said bacterium or yeast 
micmorgazmm. 

55. (Currently Amended) The method of Claim 53, wherein said recombinant 
nucleic acid molecule encoding a bacter ial o r yeast glucosamine-6-phosphate synthase 
comprises a genetic modification which increases the activity of said glucosamine-^- 
phosphate synthase co mpared to the unmo dified qiucosa mlne-6-phosphate synthase . 
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58. (Currently Amended) The method of Claim 40, wherein said recombinant 
nucleic acid molecule encoding a bact erial or yeast giucosamlne-6-phosphate synthase 
or said gene encoding said a bacterial or y east giucosarnine-6-phosphats synthase 
comprises a genetic modification which reduces glucosamine-6-phosphate product 
inhibition of said glucosamine-6-phosphate synthase compared to the unmodified 
plucosamine-6-phosp hate sy nthase . 

57. (Currently Amended) The method of Claim 40, wherein said bacterium or 
yeast mtefoofgaftis^ has at least one additional genetic modification in a gene encoding 
a protein selected from the group consisting of /V-acetyiglucosarnine-S-phosphate 
deacetyiase, glucosamine-6-phosphaie deaminase, W-acetyl-glucosamlne-specific 
enzyme if 39 , phosphogiucosamine mutase, glucosamine-1 -phosphate 
acetyitransferase-N-acetyiglucosamine-1 -phosphate uridyitransferase, 
phosphofructokinase, Enzyme H Gic of the PEP:glucose PTS, and EliM.P/ili" 3 " of the 
PEP:mannose PTS, wherein said genetic modification decreases the activity of said 
protein compared to t he unmodified prote in, 

58. (Currently Amended) The method of Claim 40, wherein said bacterium or 
yeast mk;roorgani&rn has at least one additional genetic modification in a gene encoding 
a phosphatase, wherein said genetic modification increases the activity of said 
phosphatase compared to the unmodified p hos phatase . 

59. (Currently Amended) The method of Claim 40, wherein said bacterium or 
yeast miGfoef§anlsm has additional modifications in genes encoding the following 
proteins: /V-acetylgiucosamine-8-phosphafe deacetyiase, glucosamine-S-phosphate 
deaminase and AZ-acetyl-glucosamine-specific enzyme ii Nas ; 

wherein said genetic modification decreases the activity of said proteins 
compared to the unmodified proteins. 
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80. {Currently Amended) The method of Claim 40, wherein said bacterium or 
yeast f?wee*gaf+lsa-i has additional modifications in genes encoding N- 
acetyigiucosamine-6-phosphate deacetylase and glucosamine-S-phosphate deaminase; 

wherein said genetic modification decreases the activity of said proteins 
compar ed to the unmodified proteins . 

81 . (previously Presented) The method of Claim 60, wherein said genetic 
modification is a deletion of at least a portion of said genes, 

82. (Currently Amended) The method of Claim 40, wherein said bacterium or 
yeast misfGe^grjni&m is a m bactejiym selected- from ■ the - - g fQUfi-<^msistmg-of-baGief la -ane 1 



83. (Currently Amended) The method of Claim 82 [[40]], wherein said 
bacterium ^Gfoerganlsra Is a bacterium of the genus Escherichia, 




85. (Currently Amended) The method of Claim 64, wherein said bacte rium 
mkifoorganism comprises at least one additional genetic modification which is a 
mutation In an Escherichia coil gene selected from the group consisting of nagA, nagB, 
nagC, nagD, nagE, manXYZ, glmM, pfkB, pfkA, glmU, glmS, pisG and a phosphatase 
gene, wherein said genetic modification decreases the activity of a protein encoded by 
said gene compared to the unmo dified protein. 

88. (Currently Amended) The method of Claim 40, wherein said bacterium or 
yeast mk>fo©r§an4sm is a yeast. 

67 . (Currently Amended) A recombinant bacterium or yeast microorganism for 





bacteria 



84. 



(Currently Amended) The method of Claim 83 [[40]], wherein said 
weef§afHsm Is Escherichia coSi. 
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producing glucosamine by a blosynthetic process, said b acterium or yeast 
ms€feGf§aFM6m being transformed with a recombinant nucleic acid molecule comprising 
a nucleic acid sequence encoding a bacterial or yeast giucosamine-6-phosphate 
synthase, said nucleic acid sequence being operatively linked to a transcription control 
sequence and comprising, in the coding region of the nucleic acid sequence, a genetic 
modification which increases the activity of said giucosamine-6-phosphate synthase 
compare d to the u n modified qiucosamine-6-phosphafe synthase ; 

wherein expression of said nucleic acid sequence increases production of 
glucosamine by said bact erium or yeast fsieFG©f§af«©m. 

88. (Currently Amended) The recombinant bacterium or yeast micfoofgaf&sfs 
of Claim 87, wherein said bacterium or yea st mi&&ef§aaism has at least one additional 
genetic modification in a gene encoding a protein selected from the group consisting of 
ft/-acetyiglucosamlne-8-phosphate deacetylase, glucosamine-Diphosphate deaminase, 
N~acetyl-glucosa mine-specific enzyme li Nasj , phosphogiucosaroine muiase, 
glucosamine- 1 -phosphate acer/itransferase^acetyigiucosamine-1 -phosphate 
uridyltrartsf erase, phosphofructokinase, Enzyme li Gic of the PEP:g!ucoss PIS, and 
EiiM,P/ni^ ar; of the PEP:mannose PIS, wherein said genetic modification decreases the 
activity of said protein compared to the unmodified protein . 

69. (Currently Amended) The recombinant bacteriu m or vea st frwGre&^anisFR 
of Claim 67, wherein said bacterium or vea st mkjfOOfgafHsm has at least one additional 
genetic modification in a gene encoding a phosphatase, wherein said genetic 
modification increases the activity of said phosphatase co mpared to th e un modified 
phosphatase. 

70. (Currently Amended) A method to produce glucosamine by fermentation, 
comprising: 

a) cuituring in a fermentation medium comprising assimilable sources 
of carbon, nitrogen and phosphate, a bacterium o r yeast mlcr-G&rgat^sm having 
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at least one genetic modification that increases the activity of glucosamine-6- 
phosphate synthase compared to the unmodi fied plucosamine- 8-phosphate 
synth ase, wherein said genetic modification is selected from the group consisting 
of: 

i) transformation of said bacterium or yea st faier o o rgan i sm 
with a recombinant nucleic acid molecule encoding a b acteri al or yeast 
gliicosamine-6-phosphate synthase which has giucosamlne-8~phosphate 
synthase activity; and 

ii) genetic modification of a gene encoding a ba cteria l or yeast 
glucos3mine-6-phosphate synthase that increases the activity of said 
glucosarnine-6-phosphate synthase compared to the unmodified 
giucosaming-6-phosp hate sy nthase , and wherein said genetically modified 
bacterium or yeast is produced by a process comprising the steps of: 

(1 ) generating modifications in an isolated nucleic acid 
molecule comprising a nucleic acid sequence encoding a bacterial 
or yeast glucosamine-d-phosphate synthase to create a plurality of 
modified nucleic acid sequences; 

(2 } tran sf orming bacteria or yeast mlcfoorganisaas with 
said modified nucleic acid sequences to produce genetically 
modified bacteria or yeast AfifefoofgafHsms; 

(3) screening said genetically modified ^ctena.or^east 
ffiiepeeFgaFHSFfts for glucosamlne-8-phosphate synthase activity; 
and, 

(4) selecting said genetically modified bacteria or yeast 
fnk?FGOF§af>isffis which have increased glucosamine-6-phosphate 
synthase activity compared to the unmodified glu cos amine^- 
phosph ate synthase; 

wherein said step of culturing produces a product, selected from the group 
consisting of giucosamine-6-phosphate and glucosamine from said microorganism; and, 
b) recovering said product. 
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71 . (Currently Amended) A method to produce glucosamine by fermentation, 
comprising; 

a) cuituring in a fermentation medium comprising assimilable sources 
of carbon, nitrogen and phosphate, a bacterium o r yeast ffHoroorgan-ism that 
e xpresses feas been-transformed wiih a recombinant nucleic acid molecule 
encoding a bacteri al or yeas t glucosamine-6-phosphate synthase, wherein said 
synthase has giiiCOsamine-6-phosphate synthase enzymatic activity, and 
wherein said step of cuituring produces and accumulates a product selected from 
the group consisting of giucosamine-6-phospbaie and glucosamine from said 
bact erium or ye ast micfoefgasism; and 

b) recovering and purifying said product. 

72. (Currently Amended) The method of Claim 71 , wherein said gfucosamine- 
6-phosphate synthase comprises a genetic modification which reduces giucosamine-6- 
phosphate product inhibition of said glucosamine-6-phosphaie synthase co mpared to 
the un modified qjucosamine -5- phosphate s ynthase, 

73. (Canceled) 

74. (Currently Amended) The method of Claim 40, wherein the glucosamine- 
8-phosphate synthase Is a yea st glucosarnine-S- phosphate synthase from-a 

75. (Currently Amended) The method of Claim 40, wherein the glucosamine- 
8-phosphate synthase is a bacterial qlucosamin e-6-phosphat e synthase fr-em-a 



9 



Application No. 09/341600 
Attorney Docket No. 3161-18-PUS 



76. (Previously Presented} The method of Claim 40, wherein said product is 
extracellular glucosamine-6-phosphate and said step of recovering comprises 
recovering said giucosamine-8-phosphate from said fermentation medium. 

77. (New) The method of Claim 75, wherein the bacterial glucosarnine~6- 
phosphate synthase is from a bacterium of the genus Escherichia. 

78. (New) The method of Claim 7 1 , wherein said gluoosamine-6-phosphate 
synthase Is a bacterial giucosamine-6-phosphate synthase. 

79. (New) The method of Claim 78, wherein said bacterial glucosamine-S- 
phosphate synthase is from a bacterium of the genus Escherichia. 

80. (New) The method of Claim 7 1 , wherein the bacterium or yeast further 
comprises a partial or complete deletion of a gene encoding a protein selected from the 
group consisting of N-acetylglucosamsne-S-phosphate deacetyiase, glucosarnme-6- 
phosphate deaminase, N-aeetyl-glucosamlne-speclfic enzyme \\ Hsg , 
phosphogiucosamlne routase, glucosamine-"! -phosphate acetyitransferase-A?- 
acetylgluoosamlne-l -phosphate u rid yltransfe rase, phosphofructokinase, Enzyme H G!:: of 
the PEP:glucose PIS, and EIIM.P/lil" 3 " of the PEP:mannose PTS, wherein said partial 
or complete deletion decreases the activity of said protein compar ed to the unmodified 
protein. 

81 . (New) The method of Claim 80, wherein the bacterium or yeast is a 
bacterium. 

82. (New) A method to produce glucosamine by fermentation, comprising: 

a) cuiiuring in a fermentation medium comprising assimilable sources 
of carbon, nitrogen and phosphate, a bacterium or yeast that expresses a 
recombinant nucleic acid molecule encoding a bacterial or yeast giucosamine-6- 
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phosphate synthase, wherein said synthase has giucosamine-8-phosphate 
synthase enzymatic activity and comprises a genetic modification that reduces 
the glucosamine-6-phosphate product inhibition of said glucosamine^- 
phosphate synthase compared to the unmodified giucosarnine-8~phosphate 
synthase, and wherein said step of cuituring produces and accumulates a 
product selected from the group consisting of gjucosarnlne-8~phosphate and 
glucosamine from said bacterium or yeast; and 

b) recovering and purifying said product. 

33. (New) The method of Claim 82, wherein the bacterium or yeast is a 
bacterium. 

84. (New) The method of Claim 83, wherein the bacterial or yeast 
glucosamine-8-phosphate synthase is a bacterial giucGsamlne-8-pbosphate synthase. 

85. (New) The method of Claim 82, wherein the bacterium or yeast is a yeast. 

88. (New) The method of Ciairn 85, wherein the bacterial or yeast 
glucosamirte-6-phosphate synthase is a yeast gSucosamine-6-phosphate synthase. 

87. (New) A method to produce glucosamine by fermentation, comprising; 

s) cuituring in a fermentation medium comprising assimilable sources 
of carbon, nitrogen and phosphate, a bacterium or yeast thai expresses a 
recombinant nucleic acid molecule encoding a bacterial or yeast glucosamine-6- 
phosphate synthase, wherein said synthase has giucosamine-6-phosphate 
synthase enzymatic activity, and wherein said step of cuituring produces and 
accumulates a product selected from the group consisting of giucosamine-6- 
phosphate and glucosamine from said bacterium or yeast; and 

b) recovering and purifying said product. 
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88. (New) The method of Claim 87, wherein the bacterium or yeast is a 
bacterium. 

89. (New) The method of Claim 88, wherein the bacteria; or yeast 
gjucosamine-8-phosphate synthase is a bacterial giucosamine-8-phosphate synthase. 

90. (New) The method of Claim 87, wherein the bacterium or yeast is a yeast. 

91 . (New) The method of Claim 90, wherein the bacterial or yeast 
giucosamine-8-phosphate synthase is a yeast g!ucosamlne-6-phosphat8 synthase. 
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